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manipulate a volume, e.g. a droplet of fluid along a fiist sur&ce and having this volume 
adhere to a second surfece, one of these surfaces (belonging to the movably mounted body) 
can be moved relative to the oth^r surface (belonging to the static body). 

In a first prefixed embodiment according to the features of claim 2, the 
cov^ling between said volume of fluid and said second surface is achieved through wetting 
forces, induced by providing the second surfece with at least one permanent or temporary 
area of high wettability by said fluid. 

In a second preferred embodiment according to the features of claim 3, the 
coupling is achieved through sur&ce tension forces. To that end, the second surfece is 
provided with at least one recess, filled with said fluid. The volume may be coupled to this 
fluid through surfece tension forces, whereas the fluid may be anchored in the recess through 
suitable recess design. 

A combination of both coupling principles is i>ossible as well. For both 
embodiments, the external forces to overcome to move the movable body should not exceed 
the surface tension forces of the volume, because this would cause the volume to split up and 
remove the coupling. 

A motor based on the above described principles offers the advantage that it 
can be relatively easily miniaturized and manufectured cost effectively, thanks to the absence 
of complicated components. In fact, the most critical aspects of the motor wUl be the 
dimensions of the chamber between the first and second body and the positioning of the 
means for varying the wettability, which determine the path of the droplets and consequenfly 
the movement of the motor. The chamber is preferably of capillary dimensions. For most 
fluids this means dimensions of the order of several millimeters at most. With present-day 
manufecturing techniques such dimensions and any tolerances associated therewith can be 
easily accomplished. A motor according to the invention furthermore offers reliable, smooth 
and wear-fi»e operation ifaanks to the absence of dry fiiction. Also, in respect of flie 
dimensions of the motor, relatively large displacements are possible. 

According to a preferred embodiment, a motor according to the invention is 
characterized by the features of claim 4, 

The use of electrodes to vary the wettability of the first surface (and possibly 
that of the second surfece in case of the first preferred embodiment), offers the advantage that 
electrodes can be easily driven, in any desired sequence, with relatively low voltages. Power 
consumption can be low, resulting in an energy effective motor. Further, the electrodes can 
be easily manufectured, at relatively low cost and in relatively small sizes, for instance by 
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rotary and linear motors, by a proper design of flie first and second bodies as weU as an 
^propriate design of flje movement paflis for the or each volmne of second fluid. Also, it 
will be clear that eiflier flie movable body or flie static body can be provided wifli flie means 
for varying Uie wettabUity. However, due to the wiring needed, mounting the means on the 
static body will usually be most convenient Of course it is also possible to provide bofli 
bodies with means for varying the wettability. This will make the surfaces fimctionally 
interchangeable and hence adaptable to any given situation. In that case, it is also possible to 
activate the wetting means on bolli surfeces simultaneously but at a different pace, which will 
result in a sort of artificial skid. This may for instance be used for actively controlled 
deceleration of Ihe movable bocty. 

The invention fixcthermore relates to an optical device, conqncising the motor 
according to the mvention, for instance for driving a reflective element 

Fur&er admitageous embodiments of a motor according to the present 
invention are set forth in the dependent claims. 

To explain the invention, exemplary embodhnents tiiereof are hereinafter 
described with reference to the accompanying drawings, wherein: 

Fig. 1 A,B show in transverse cross section a rotary motor according to a first 
embodunent of the present invention, in two successive positions; 

Fig. 2 shows schematically, in longitudinal cross section a possible plication 
of the rotary motor according to Fig. 1 in an optical scanner; and 

Fig. 3 shows schematically a linear nootor according to a further embodiment 

of tiie invention. 

In this description, identical or corresponding parts have identical or 
corresponding reference numerals. All combinations of parts of Ihe embodiments shown and 
described are expUcitiy understood to be incorporated within this description. 
In tills description, tiie term 'wetting' is understood to encompass all techniques causmg tiie 
surfece tension of a volume, e.g. a droplet of a specific fluid to be locally varied, so as to 
influence tiie wetting behavior of said fluid with respect to a specific surface. When tiiis 
infiuencmg is done electiically (as opposed to for mstance tiiermally or chemically) tiie term 
•electrowetting' will be used. More in particular, tiie term electowwetting is understood to at 
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bo«r3.-n,eftsta«isecondbody3.5enc!osebe.weentheir,espectiveinnerandou.er . 
sorftce a «fl»bntially cylindrical Chamber 4. which is ffled with a n«^^^^^ 

c«..duclive firs, fluid 6. ft, instance air or an oil. and volumes 7a^ Of .polar «rf/or 

condUctivesecondflmd7,inthise»mpleana,ueoussoh«ion.forins.a«ce(sate^ ' 
Bottl fluids 6, 7 are immiscible. «») water. . 

The first bo.fy 3 is pmvided will means Sw varying the wettdrfBty irfiui.inaer 

surftce, namely twelve electrodes 10 eaeoding in a«al direction of fl»finrt bo*,.3 sp^ 
at^.».an«anyregular,adialintervalsa,«ngd«circ™^ ; 

body 3 » coveredwithalayer 12ofeIectricaDy insulatinaiydr^cmaterial ormo« 
generally: a nwerial haWng a wettaWIiftr by the second fluid 7 ^ is tower than fte 
wettrf»lify by fte fln« fluid 6. Examples of such material are to hBtance Tefl^^^ 

malenals mce fl» amoqAoos flnoropolymer AHSOOprovidedlv Dup^tf orparylene ^ 
combh«io. Ihereot in case where fte firs, fluid 6 is an ofl or air and ,he second fluid is 
(sal.ed)w«.r.Alternativeiy,fl.efirs.body3canbemadeofsaidhydmpho^ . 

fte electrodes 10 may be embedded in flre first body 3. just below its im^ surftce, so fta, 

theyarecov^edl^.ftinl^IZofsaidhydrophoWcmate.ial.'neelect.odesiOa.B . 
connected to a voltage supply (not shown). 

The second body 5 is of solid design but could be hollow, if so desired, and is 
mountedmovably,inparticularrotatably.inthefestbo<fy3byoneormoiesuitable » 
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bearings. The or each bearing could for instance be an oil bearing configured by providing 
the first and/or second body 3, 5 with an annular groove, in which upon rotation of the 
second body 5, pressure will build up, centering the second body S in the first body 3, 

The second body S is provided at its outer surfece with coupling means in the 
form of four hydropMlic areas 14, said number corresponding to the number of volumes 7a-d. 
These areas 14 could for instance be made of or covered by a material having a wettability by 
tiie second fluid 7 lhat is higher than the wettability by the first fluid 6. In the present 
cxsaaple, given the selected first and second fluids 6, 7, this material could for instance be 
glass. The areas 14 are separated firom each other in radial direction by areas IS, noiade of or 
covered by hydrophobic matraial, which could be a selection firom any one of the materials 
mentioned before. Additionally or alternatively, the hydrqphilic areas 14 may be recessed to 
enhance the coupling force with the volumes. Fur&ermore, two or more of the volumes 7a-d 
could be interconnected via at least one suitable conduit 9 hi second body S, as illustrated in 
broken lines in Figs. 1 A3. Such conduit 9 can be easily manu&ctured. The areas of high and 
low wettability 14, IS may be onoitted, but can also be maintained, to increase the maximum 
force the motor may exert. 

A motor as described above operates as follows. In Fig. 1 A the electrodes 10 
marked with Roman num^als I (that is the upper, lower, left and right electrodes) are 
siqpplied with a voltage. Consequentiy, the hydrophobic layer 12 covermg said electrodes I 
will become locally hydrophilic. The four volumes 7a-d will therefore contact the first body 3 
at the four electrodes I. They furthermore contact the second body 5 at the coupling means, 
that is the hydrqphilic areas 14 and the conduits 9. If subsequentiy the voltage supply is 
shifted to second electrodes n, situated next to the former electrodes I, the layer above said 
second electrodes n will become hydrophilic, whereas the layer above the first electrodes I 
will switch back to hydrophobic. This gives rise to electrowetting forces which draw the 
volumes 7a-d towards the hydrophilic areas n as shown in Fig. IB. During this movement 
the volumes 7a-d will move along the hydrophilic area 14 of Hie second body S up to the 
edge of the hydrophobic area 15. Further movement along the second body S will be blocked 
by the combined action of the hydrophobic area 15 and the first fluid 6, enabling the volumes 
7a-d to exert a wetting force on the second body 5, which will cause the body 5 to rotate. 
Hence by sequentially activating successive electrodes 10 1, II with a suitable voltage, the 
second body 5 can be rotated continuously. Preferably, the electrodes 10 are positioned 
relatively close to each other or even overlap through a *toofh' structure. Also, the radial 
dimensions of the electrodes 10 are preferably equal to or smaller than the radial dimensions 
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higher wettahiHty) up till a« edge of the hydr^pUHc area 14. Subsequently. ^ 
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A motor as desaibed above offers several advantages. For instance, the n»«or 
canl««mufi«=,uredcos.efBden.ly,sinceaniaye,s 12. 14. IScanbe 

snnpl^ l™«n coating techniques, such as lithography. Btefl«nn„.e. an parts Of ^ 

are relatively sin.ple of configuration and therefore suiufcle ffar fitr re^tog miniatmization. 

Also, the volumes 7a^ do not re.prire fixed, that is physically restricted channels. A suitable 

layo«ofhydmphobicandl,ydrophiliclayerswinsafflcet»te.p,l«v„hm»sinp^ TMs 
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be explained in further detail below. 

The embodiment shorn, in Fig. 1 can be easily converted into a linear motor 

1 . by rotating the oHenl«i», of fte electrodes 10 over 90". that is fcm, a radial towards an 

"t^ orientation as in Fig 3. in which part of the first body 3 is left out. daricr. 
safe h-stead of «.e separate series of axiaUy orientated electrodes 10. ring shaped electrode, 

could be whed, as indicated in hrolcen line, te the first electrode lOA of fte series 
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Furthermore, fhe alternating areas of hi^ and low wettabilily 14, IS have been converted in 
ring shaped areas, alternating in the axial direction of the second body S. Volumes of second 
fhdd 7 ace in contact with a ring 1 4 of high wettabilily and an activated electrode I at the first 
body 3. Upon activation of the next electrodes n, the volumes 7 will move in axial direction 
along the inner surface of the first body 3, dragging the second body 5 along in the axial 
direction A, thanks to the blocking action of the ring shaped areas 15 of low wettability (or 
coupling forces provided by recesses or conduits, not shown). Stop mechanisms can be 
provided to limit the maximum stroke of the second body 5, The volumes 7 of second fluid 
may be shaped as droplets, spaced at regular intervals along the ring 14, as illustrated. 
However, Hie volumes 7 can also be ring-shaped, so as to cover the ring-shaped area 14, 
resulting in an evenly and symmetrically distributed wetting force along the circumference of 
the second body S. Also, the number of volumes 7 and ring-shaped areas 14 in axial direction 
can be any desired number. 

From the above described embodiments it will be appreciated, that by 
rearranging the position of the electrodes 10 along the drcumfeience of the first body 3 and 
adapting the coiQ>ling means on the second body 5 accordingly, the motor 1,1' can be simply 
adjusted to perform a wide variety of movements. For instance, the features of the motors 1, 
r according to Figs. 1 and 3 can be combined so as to create a motor having a movable body 
5 that can rotate and translate, either sequentially or simultaneously, the latter resulting in a 
spiral-like movement Moreover, if the electrodes 10 on tiie first surface are arranged in a 
grid and the coupling means 9, 14 on the second surface are configured as ^ots, each 
accommodated to couple a volume 7 of second fluid, it becomes possible to drive the 
movable body 5 in any desired direction. Freedom of movement can even further be 
inoieased by providing the second sur&ce too with a grid of electrodes, similar to tiie ones of 
the first surface, with which hydrophilic areas 14 can be oreated according to ones need. 
Hence, a motor 1, V according to the invention offers great flexibility in attainable motor 
movements, with a standard set of simple components. 

Fig. 2 shows one possible application of a motor 1 according to Fig. 1, in an 
optical scanner 20. In this embodiment the cylindrical first body 3 is near its ends 24, 26 
made of transparent material. The second body 5 is made of transparent material as well, for 
instance glass, and rotatably mounted in the first body 3, for instance by means of one or 
more oil bearing as previously described. A mirror 22 is mounted on top of the second body 
5, including an angle of about 45® with the longitudinal axis thereof. A li^t beam, entering 
the second body 3 through its lower transparent portion 26, will reach the mirror 22 through 
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the transparent secondbodyS, be deflected over 90<>aiui exit the ftet^ 
upper transparent porticm 24. Rolaticm of the second body 5 wffl 
Suchascanner can for instance be usedrlnacalh^ to scan interior 
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The invention is not in any way Mted to the exeit5,lary embodiments 
in the description and the figures. Many variations thereof are possible withm fte scope of 
Iheinvention. t^^^- 

For imtace, (he fct and seco-id bo«, do DM «»d to be <ylMric.L 
bod.esc«haveanyd^«,tag3sfl«ya»e«*pro«ded«W,a«Hftce.^c^ \ 

coopmttwiftfl,esu*oeofd,eofl»rbody„»toii,».clu™ber,fawMd.voI^ 
<«cond fluid can oo««^ h«h «^ F„ ^ bodi^ 

^snr6ce«h.«.fl„ofl«rbo4ycooMteveaI«UM»^ 
and.,«njon«.n«.an^,pherical«h«.fl«e^ 

od ««1 dr^ Of wato, wMch could be driv« aoooritog to above de«:ri^ 
l»tocipI^tota™„,.eoffl.ebodie,™«efa,nydh«*odestad,le.AIs„,fte 

M« or Ie« votamea a« feaaiMe. living any destable sh^. FUrd^^ 

second iWdc«, be ofadifleren.material. Tie second fluid may fbrin^ance boa 
n«W,»»cha»nMrcuq,,wtarea»ftefirat fluid be an electrolyte, imnisc^ - 
n««:u.y.Ihll,a.in«a«e,eachvolumen^ybepo««„nedbe.w^ 

wlneh an el«*ioal field can be applied over the ™lun», «ctending in tto di««i„n. rf 

n-endedmoveo^tof the volun«.ms field winc««fl.volon»tonK,vetow^ 
tta e.ec,n.dea. ma movemem can be p,„U»g»d into . c™«^ 

ofoveriappingelectrodepair^.cth««edse<s«n,ial]y.llenK^ 

d«n«wabIebodyin.l.e«»ew,ya.desc,ibed,ax»eford.ag8^ . 
thmugh wetting ii™esind«cedbyaBprop,iatoahe.nating.,ea,o^^ 
an*or by intercomBcUon of flK« v<Anne» via condnits in ae second bo«r. 

ll»se and nany conipaiahle variations are understood to M vritUn flK, scone 
of die invention as set out in the appended claims. 
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CLAIMS: 
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1 . A motor, comprising a first body (3), a second body (5) movably mounted . . 
with respect to the &st bo<fy (3), a chamber (4) situated between si surfece of the first body 
(3) and a surfece of the second body (5), said chamber (4) being filled with a non-polar ■ 

and/or non-conductive first fhud (Q and at least one volmne of a polar and/or conductive 
second fluid (7a-d), ibe fluids (6, 7) being immiscible, wber^ one of said surfeces, to be . 
called fte first surfece, is provided with means fiw locally vaiying the wettability of said . 

surfece by tihe second fluid (7) and the oflier surfece, to be called the second surfece, is 
provided with means for coupling the or each volume of second fluid (7a-d) to the second 
surfece. 

2. A motor according to claim 1, wherein the coupling means comprise at least 
one area (14) of high wettability by the seccmd fluid (7), said area being bounded by an area 
(15) of low wettability by said second fluid (7), at least in a direction of relative movement of 
said first and second surfece. 

3- A motor according to claim 1 or 2, wherein the coiq>ling means comprise at 

least one recess (9), which opens into the chamber (4) and is filled with the second fluid (7) 
so that the at least one volume of second fluid (7a-d) in the chamber (4) will be coupled to. 
the second fluid (7) in the recess (9) through surfece tension forces. 



A motor according to any one of the preceding claims, wherein the means for 
locally varying the wettability of the first surfece and/or the second surfece, con^rise a series 
of neighboring electrodes (10), separated firom the second flviid (7) by an interfecial layer 
(12), and means for sequentially powering successive electrodes (10) so as to apply an 

25 electric potential across said interfecial layer (12), causing the condition thereof to switch 
between low and high wettability by the second fluid (7). j 
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5- A motor according to claim 4, wherein the electrodes (10) are spaced at 
substantially regular intervals along an intended path of movement of the or each volume (7a- 
d) of second fluid. 

6- A motor according to any one of the preceding claims, wherein the second 
fluid (7) is a liquid. 

7- A motor according to claim 6, wherein the second fluid (7) is a Uquid metal. 

8. A motor according to claim 7, wherein the first fluid (6) is an electrolyte. 

9- A motor according to claim 8 and 2, wherem the first fluid (6) forms the 

inter&cial layer. 

10. A motor according to claim 6, wherein the second fluid (7) is an aqueous 
solution, for instance water, more particular salted wat^. 

11. A motor according to claim 10, wherein the interfiicial layer (12) is a dielectric 
layer having a low wettability by the second fluid (7). 

12- A motor according to claim 1 1, wherein the dielectric layer (12) is made of 
hydrophobic insulating material. 

13- A motor according to claim 12, wherein the hydrophobic insulating material is 
AF 1 600 and/or parylene. 

14. A motor according to any one of claims 10-13, wherein the first fluid (6) is a 
gas, £»: instance air, or a liquid, for instance oil. 

15. A motor according to any one of claims 10-14, wherein the second surface is 
covered by or made of hydrophobic material and provided with at least one area (14) of 
hydrophihc material, to form an area having a low wettability by the second fluid (7). 
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16. A motor acconling to any one of Hie preceding claims, wherein the first and 
second body (3, 5) are both substantially cylindrical, wherein one of Ihe bodies (3; 5) is 
concentrically received wilhin the oftter bo(fy (5; 3) and the chamber (4) is enclosed between 
the inner sur&ce of tile outer bodjr and ftie outer sur&ce of Ihe inner body. 

17. A motor according to any one of the preceding claims, wherein the motor is a 

rotary motor (1), wherein the second body (5) is arranged for rotational movement with 
respect to the jQrstbodyr (3). 

18. A motor accordmg to any one of claims 1-16, wherein the motor is a linear 
motor (1'), wherein the second body (5) is arranged for translating movement with respect to 
the first body (3). 

19. A motor according to any one of claims 16-18, wherein the electrodes (10) axe 
sfpaced at regular radial mtervals along the circumference of one of the bodies (3, 5). 

20. A motor accordmg to any one of claim 16-19, wherein the inner body (3; 5) is 
Ihe second, moveable body (5). 



21 . A motor according to any one of the preceding claims, wherem the first 
surfece belfmgs to flie first body (3) and the second surfece belongs to the second, moveable 
body (5). 

22. A motor accordmg to any one of the precedmg claims, wherem the chamber 
(4) between the first and second body (3, 5) is of cq)illaiy dimensions. 

23. A motor according to any one ofthe preceding claims, wherein the chamber 
(4) coniprises channels for the second fluid (7), said channels being formed by covering the 
second sur&ce wifli or make the second surfece of a material with low wettabiUty by the 
second fluid (7) and provide Ihe surface with a channel constituting pattern of material with 
high wettability by the second fluid. 

24. Optical device, conxprismg a reflective element and a motor accordmg to any 
one of the precedmg claims, for moving said reflective element. 
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ABSTRACT: 



Motor, conqwrising a first body (3) and second body (5), tibe latter being 
movably mounted with respect to llie first body. A chamber (4), sandwiched between 
smrfices of said bodies, is filled with a non-polar and/or non-conductive first fluid (6) and at 
least one volume of a polar and/or conductive second fluid (7), which fluids are immiscible. 
5 One of said sur&ces, is provided with means (10) for locally varying the wettability of said 
sut&ce by the second fluid, to move the or each volume of second fluid along a desired path. 
The other sur&ce is provided with means (9, 14, 15) for coupling the or each volume of 
second fluid to this surface, so that this surfece will be dragged along by the moving volume 
or volumes. This results in a relative movement between both sur&ces and hence in a 
10 movement of the second body. 

(Figs. lA/lB) 
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Fig.lA 




Fig. IB 
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Fig.2 
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